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PPARG-LYPLALT MuLti-ALLELIC

COMBINATION ASSOCIATED

WITH OBESITY AND OVERWEIGHT

IN MEXICAN ADOLESCENT FEMALES
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Objective: We studied multi-loci variants
to identify the contribution of six candidate
genes (ADIPOQ, CDH13, LYPLALT, MC4R,
PPARG and PCC1A) in the development of
obesity and overweight.

Design: We genotyped 404 chromosomes
with eleven SNPs in Mexican female adoles-
cents, who were subdivided into two groups
(obesity-overweight and normal-weight)
using the World Health Organization pa-
rameters. Genomic (800 chromosomes) and
ancestral (208 chromosomes) controls were
included to reduce the population bias.
Anthropometric measurements, biochemi-
cal parameters, and caloric intake were
obtained only in the groups of Mexican
female adolescents.

Results: A positive genotype-phenotype
association was found that involves the
multi-allelic combination of three risk alleles
(one in PPARG and two in LYPLALT) with
obesity and overweight (OR=3.1, P=.010).
This combination also exhibited a signifi-
cant association with waist circumference
(P=.030) and triglycerides levels (P=.030).
These associations were supported by a lo-
gistic regression analysis adjusted for several
confounding variables.

Conclusions: Our data suggest the joint
participation of PPARG-LYPLALT genes in
metabolic disorders development. Hence,
these genes could act as potential bio-
markers in obesity and overweight. Our
findings underscore the complexity of
metabolic disorders and provide evi-
dence about the importance of multi-loci
analysis to study complex diseases. Ethn
Dis. 2016;26(4):477-484; doi:10.18865/
ed.26.4.477.
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INTRODUCTION

Metabolic  disorders (MD) are
multifactorial conditions that encom-
pass the most important public health
problems worldwide.! Obesity and
overweight are defined as excessive
fat accumulation and chronic inflam-
mation states with important conse-
quences on health. In the last decades,
the prevalence of MD have increased
dramatically.! Thus, the medical cost
related to them and their concomitant
diseases (cardiovascular disease, dia-
betes and various cancers) is 10 times
higher than in non-obese phenotypes.
This is particularly disturbing in the
Mexican population where the preva-
lence of obesity and overweight in
adules and children is 71% and 34%,
respectively.’ Hence, the knowledge
about MD in childhood and ado-

lescence is important given that risk
factors in these age strata predict sus-
ceptibility for MD in adulthood.*

Genetic contribution is a keystone
in the development of MD; yet, the
study of genes separately does not ex-
plain multi-genic diseases. Thus, the
identification of locus combinations
could be the best model for predicting
genetic association patterns.” Besides,
the analysis of gene collections involved
in diverse biological processes could
exert a larger effect on the susceptibil-
ity of polygenic disorders and could
become

prognostic  biomarkers.>®

Genome-wide association studies
(GWAS)
markers with critical roles in lipid
adipocyte

inflammation, and satety.® These

have identified genetic

storage, differentiation,

markers have been explored mainly
in European and Asian populations,
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where PPARG, ADIPOQ, MC4R,
and F70 have been associated with
MD.”"! Nevertheless, the contribution
of these candidate genes remains
almost unexplored in Mexico, which
presents the worst problems in
obesity and overweight worldwide.

Thus, our study aim was to evalu-
ate the possible association of 11 SNPs
in six candidate genes (ADIPOQ,
CDH13, LYPLALI, MC4R, PPARG
and PGCIA) with obesity in Mexi-
can adolescent females. All loci except
PGCIA have been uncovered through

GWAS related to metabolic conditions.

Our study aim was to
evaluate the possible
association of 11 SNPs
in six candidate genes
(ADIPOQ, CDH13,
LYPLALI, MC4R,
PPARG and PGCI1A)
with obesity in Mexican

adolescent females.

MATERIALS AND METHODS

Study Population

We assessed 706 unrelated indi-
viduals born in Mexico, with three gen-
erations of ancestors born in this coun-
try, divided into four groups. The first
group (obesity and overweight, n=99)
and the second group (normal weight,
n=103) consisted of female adolescents
(average age: 17 years; range: 15-19) re-
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cruited at a high school in Mexico City.
Obesity and overweight were defined
by the anthropometric measurements
of weight and height using calibrated
instruments (balanced scale Terralion-
Fitness coach premium 11328 and
stadiometer SECA 208). Body mass in-
dex (BMI) was determined by dividing
weight (in kilograms, kg) by the square
of height (m?). In agreement with the
World Health Organization, we used
the child growth standards to define
overweight and obesity. Adolescents
whose indicators of age and BMI were
between the 15th-84.99th percentiles
were classified as normal weight, from
the 85th-96.9th were overweight, and
higher than 97th percentile were con-
sidered obese. Adolescents with over-
weight and obesity were included in the
same group (OW-OB). Waist circum-
ference (WC) was also obtained using
the midpoint between the lowest rib
and the iliac crest. Caloric intake was
assessed through a 24-hour dietary re-
call, performed by a nutritionist to ob-
tain total caloric intake, carbohydrate,
protein, and lipid percentages. Each
participant answered a questionnaire of
physical activity (type and time of phys-
ical activity per week). Metabolic equiv-
alents (METs) were calculated for par-
ticipants reporting any extra activity."

Given that the Mexican popula-
tion is sub-structured, spurious asso-
ciations can occur if gene frequencies
differ among subpopulations.’*'* To
diminish the bias caused by the recent
admixture, we included a genomic
control (GC)."*" GC included 400 in-
dividuals (200 females and 200 males)
belonging to Mestizo population. GC
is a control to estimate the variance
within population because members of
the Mestizo population have different
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ethnic backgrounds. This group was
employed to determine gene frequen-
cies, Hardy-Weinberg expectation
(HWE), and linkage disequilibrium
(LD). This was a sub-sample obtained
from a representative group of 1640
unrelated individuals from the Central
Valley of Mexico in which only the
people whose eight great-grandparents
were born in Mexico were eligible.'

Because the Amerindian ances-
try is most prominent in the central
region of Mexico, an ancestry con-
trol was included to clarify the dif-
ferences in the gene frequencies.'
This group consisted of 104 partici-
pants belonging to Mazahuas (n=21),
MePhaas (n=32), and Nahuas (n=51)
populations. (Table available upon
request to corresponding author.)

Each participant signed an informed
consent letter validated by the Ethics
Committee of the Center for Research
and Advanced Studies (CINVESTAV-
IPN) in Mexico City and the National
Institute of Perinatology “Isidro Espino-
za de los Reyes.” The informed consent
was also signed by at least one parent;
afterward, a blood sample was obtained.

Biochemical Analysis

Biochemical analyses were only
performed in the first two groups. Ve-
nous blood samples (12- to 14-hour
fasting) were obtained from each par-
ticipant. Using these samples, glucose
levels (glucose oxidase method), total
serum cholesterol (mg/dL), HDL (mg/
dL), and triglycerides (mg/dL) were
determined using standardized proto-
cols (Biosystems, Barcelona, Spain).

Molecular Analysis

DNA was extracted from peripher-
al blood leukocytes using a commercial
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kit (Jena Bioscience, Jena, Germany).
Eleven SNPs (ADIPOQ-rs864265
and 151501299, CDH13-rs3865188,
LYPLALI-1s7552200, 1s2820446
and rs2605100, MC4R-rs12970134,
1517700633 and rs17782313, PPARG-
1518801282, and PGC1A-1s8192678)
were analysed using TaqMan assay
(Applied Biosystems, Carlsbad, CA,
USA). PCR cycling conditions consist-
ed of pre-incubation period (10 min at
95°C) followed by 40 cycles of 15 at
92°C and 90” at 60°C. The C1000
Touch Thermal Cycler (Bio-Rad,
Richmond, CA) was employed for data
acquisition; all experiments were per-
formed by duplicate (r=.98. P<.050).

Population Genetics
Parameters

Genetic frequencies, HWE and
LD between loci were estimated us-
ing Arlequin v 3.5 software.”” Fre-
quency of multi-allelic
was estimated by direct counting.

variants

Statistical Analysis

To evaluate the potential differences
between groups, different tests (t-test,
Wilcoxon rank-sum or chi square) were
carried out depending on the variable
distributions. Differences in genetic fre-
quencies were analyzed by chi square test
using the STATA 12.0 software pack-
age (Stata Corp., College Station, TX).

Continuous variables (caloric in-
take, physical activity, waist circumfer-
ence and triglycerides levels) were cat-
egorized for logistic regression models
as follows: caloric intake and physical
activity were divided by terciles. To ca-
loric intake the subdivisions were low
(1070-1454.9), medium (1455-1759)
and high (1760). To physical activity

the terciles were low (0<X<348), me-

Table 1. Descriptive characteristics of normal-weight and overweight-obese

female adolescents

Characteristics

Overweight-obese, n=99

Normal-weight, n=103 P

Age, years
Mean = SD 16.60 = 1.03 16.50 = .98 .230
PPy 15.00-18.00 15.00-18.00
Anthropometrics
Height, cm
Mean =+ SD 157.30+6.63 156.54 = 5.91 .380
P1oPoo 150.00-163.30 149.00-165.00
Weight (kg)
Mean =+ SD 67.14 = 9.90 51.84 = 5.89 <.001
PP 57.50-82.80 45.00-60.16
BMI
Mean = SD 26.60 = 3.45 20.50 = 1.85 <.001
P.oPu 23.00-32.00 18.00-23.00
Waist circumference,
cm
Mean ® SD 82.50 + 8.84 70.57 £ 5.54 <.001
P, Pu 73.00-94.90 63.32-77.92
Metabolic parameters
Cholesterol, mg/dL
Mean + SD 168.24 = 31.85 155.94 = 29.18 .003
PPy 128.40-206.60 119.00-192.80
Triglycerides, mg/dL
Mean = SD 124.41 = 67.11 93.82 * 38.69 <.001
P, Py 68.10-187.20 57.40-146.60
Glucose, mg/dL
Mean = SD 93.31 £ 9.00 91.57 £ 18.17 .090
P, P, 80.00-106.00 81.00-102.00
24-hours dietary recall
Caloric intake, kcal/d
Median 1356.0 1455.0 .760
Pio-Poo 895.0-2390.0 734.4-2278.2
Carbohydrates, %
Median 49.8 49.7 .560
P Pu 37.1-64.0 37.7-63.2
Proteins, %
Median 17.0 16.6 180
P, Py 12.2-24.2 11.3-22.6
Lipids, %
Median 32.0 32.6 .740
P P 17.0-41.5 19.5-42.8
Physical activity, METs/
week
None (%) 35(35.3) 46 (44.7)
Low (%) 24 (24.2) 16 (15.5) .370
Medium (%) 22 (22.2) 21 (20.4)
High (%) (18.2) 20 (19.4)

P for t-test, Wilcoxon rank sum test or chi square test.

dium (349-524.9) and high (>525).
WC and triglycerides levels were clas-
sified as high if the measures exceeded
80 cm and 130 mg/dL, respectively.
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Comparison with Other
Populations

Our data were compared with 18

populations (n=12663), thus geno-

479



PPARG-LYPLAL1 Association with Obesity and Overweight - Herndndez-Tobias et al

type information was collected from
previous reports (Table available from
corresponding author).” Population
subdivision was assessed by analy-
sis of molecular variance (AMOVA)
using ethnicity as subdivision crite-
rion with Arlequin v.3.5 software.”

RESsuULTS

Anthropometric and
Biochemical Measurements

The comparison between OW-
OB and NW groups is shown in
Table 1. Anthropometric parameters
(weight, BMI, and WC) were higher
in OW-OB than in NW (P<.001).
Also, significant differences were ob-
served for total cholesterol (P<.003)
and plasma triglycerides (P<.001).

Genetic Statistical Descriptive
Analysis

Genetic ~ frequency  distribu-
tions for all loci in NW and OW-
OB groups were calculated. (Table
is available from corresponding
author.) All polymorphisms stud-
ied exhibited similar gene distribu-
tions in all populations. No devia-
tions in HWE and LD were found
P<.004).

(Bonferroni’s correction,

Genes Involved in
Adipogenesis: PPARG and
PGC1A

The allele C (>70%) and their
homozygote states (>50%) were the
most prominent in OW-OB as well in
NW. PPARG-rs18801282-G, report-
ed as risk allele, was more frequent in
the OW-OB group than in NW (.17
vs .13), suggesting a possible associa-
tion with overweight and obesity. No
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significant differences were found be-
tween groups in these polymorphisms.

Genes Involved in
Inflammation: ADIPOQ and
CDH13

The most frequent alleles were
G (1s864265 and r51501299)
in ADIPOQ and A in CDHI3.
The homozygote state of these al-
leles was also the most prominent.
No significant  differences  were

found between OW-OB and NW.

Genes Involved in Lipid
Storage: LYPLALI1

We evaluated three polymorphisms
in LYPLALI: 157552206, rs2820446,
and rs2605100. None of them showed
significant differences between groups.
In the particular case of rs75522006-
AA genotype, this was slightly more
frequent in the OW-OB group.

Overeating Disorders: MC4R
Regarding ~ MCA4R-1s12970134,

1517700633,  and  rs17782313,

OW-OB and NW groups showed

similar distributions; therefore, no

statistical ~ differences were found.

Comparisons with Genome
Control

Following the STrengthening the
REporting of Genetic Association
Studies statement, we included a GC
and ancestry control groups.'” These
were composed of the most important
ethnic groups in Mexico (Mestizos and
Amerindians) in which genetic statisti-
cal descriptive analyses were carried out.

Concerning  HWE, locus LY-
PLAL1-rs2820446 exhibited an im-
portant departure in the Mestizo
group (P<.001) owing to homozy-
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gous excess (F,=.350) in both alleles.
Interestingly, the GG genotype was
the most frequent in Amerindian
populations (range 28% to 51%).

Regarding LD, the SNPs studied in
LYPLAL1 and MCA4R loci showed im-
portant LD in Mestizo and Amerindi-
an populations (P<.001). Additionally,
a nuance LD (P<.050) in ADIPOQ
and PGCI1A was found in Mazahuas
and GC populations. Similar patterns
were also found between CDH13-
ADIPOQ (Nahuas), CDH13-MC4R
(NW), CDH13-LYPLAL1 (OB-OW)
and CDHI13-PPARG (NW) as well
between PGC1A-MC4R (NW), PG-
CI1A-LYPLAL1 (OW-OB, Nahuas),
PGCI1A-ADIPOQ (GC). ADIPOQ
also exhibited a feeble LD (P<0.050)
with PPARG, LYPLAL1 and within
ADIPOQ SNPs in GC population
and Me'Phaas (ADIPOQ-LYPLALLI).
Given that this LD was found in
separated genes, LD patterns were
detected in other populations. Thus,
we detected the LD patterns in Chi-
nese Han in Beijing, China (CHB),
Utah residents with Northern and
Western European ancestry from the
CEPH collection (CEU) and Yoruba
in Ibadan, Nigeria (YRI) from Hap-
Map project (https://hapmap.ncbi.
nlm.nih.gov/). Different patterns were
also found among these populations.
LYPLAL1 strong LD (P<.001) was
found in CEU, whereas CHB and YRI
only presented subte LD (P<.050).
Rather, a strong LD was found in
MCA4R (rs12970134-1s17782313) in
CHB and CEU. Interestingly, YRI
population showed similar patterns
of LD in PGCI1A-LYPLALI such as
OW-OB and Nahua populations.

Ultimately, important differences

were found between OW-OB and N'W
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in all pairs of loci: CDH13-MC4R-
rs12970134  (P=0.006, OR=3.8,
95%Cl=1.4-10.9), CDH13-MC4R-
117700633 (P=.047, OR=3.5, 95%
CI=.9-12.9), and CDHI13-MC4R-
rs17782313 (P=1.2 x 107, OR=2.26,
95% CI=3.0-17.4). These differences
werelostwhen comparing OW-OBand
GC, suggesting a spurious association.

Multidimensional Scale
Analysis

To detect any differences between
OW-OB and NW, a multidimen-
sional scale (MDS) analysis was per-
formed. OW-OB appeared separated
from NW in the plot, which were
supported by inclusion of GC, sug-
gesting genetic differences among the
groups (Figure 1, Stress value<.001).

Multi-allelic Analysis

Given that obesity and overweight
are complex conditions, multi-al-
lelic variants at different loci using
the risk alleles previously reported
were evaluated. PPARG, ADIPOQ,
CDH13, and LYPLAL1 showed im-
portant differences. From these loci,
four different multi-allelic combina-
tions (MAC) exhibited possible rela-
tions with obesity and overweight.
These MACs were recognised as fol-
lows: MAC-1 (PPARG-rs1801282-
G-LYPLAL1-rs2820446-G),
MAC-2 (PPARG-rs1801282-G-LY-
PLAL1-rs2820446-G-1s7552206-A),
MAC-3 (PPARG-rs1801282-G-AD-
IPOQ-rs864265-T-LYPLALI1-
1s7552206-A), and MAC4
(CDH13-rs3865188-T-LYPLAL1-
rs2820446-G-rs7552206-A).

Table 2
among groups using MAC; all data

shows the differences

were adjusted for confounder vari-

0.60 -
NW
¢
0.35
o~
c 0.104
o GC
7 s
c A4
o
£
A -0.15-
-0.40- OWOB
¢
-0.65 T T T T T
-0.65 -0.40 -0.15 0.10 0.35 0.60

Dimension 1

Figure 1. Multidimensional Scale Analysis showing the genetic differences among

overweight-obesity, normal weight, and genomic control.
GC = Genomic control, NW = Normal weight, OW-OB = Overweight-obesity.

ables through logistic regression anal-
ysis. A marginal difference between
NW and OW-OB (P=.080, OR=1.8,
95%CI=0.92-3.85) was found in
MAC-1. MAC-2 presented stronger
differences between OW-OB and NW
(P=0.010, OR=3.1, 95%CI=1.27-
7.62), which were maintained to
compare with the whole GC group
(P=0.002, OR=2.64, 95%CI=1.43-
4.88). These findings were confirmed
by different statistical analyses (chi
square test, P =0.017 and exact test, P
=0.014). Rather, MAC-3 and MAC-4

do not exhibited significant differences.

MAC-2 vs Anthropometric and
Biochemical Parameters

Having found these differences, a
possible contribution of MAC-2 with
anthropometric and biochemical pa-

Ethnicity & Disease, Volume 26, Number 4, Autumn 2016

rameters was considered. Logistic re-
gression analysis showed that MAC-2
could be related to WC (P=.034) and
triglyceride levels (P=.031), suggesting
a possible contribution of PPARG and
LYPLALLI to obesity and overweight.
Results of the logistic regression analy-
sis were adjusted for confounder vari-
ables supporting our findings (Table
available from corresponding author).

Comparison among
Populations

Ultimately, we compared the fre-
quency of MAC-2 in different popu-
lations using 1000 genome data.'®
Overall, African, Asian, and European
populations showed low frequencies
of MAC-2 (< 6%), of which Africans
(.15%) and Asians (2.5%) presented

the lowest percentages.'”® Regarding
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Table 2. Comparative statistics for multi-allelic analyses among normal-weight, overweight-obese and genomic control

Overweight-obese vs normal-weight

Overweight-obese vs GC women

Overweight-obese vs GC all

Multi-Allelic
Combination 9% OR p: % L pa % L pa
(95% CI) (95% CI) (95% CI)
1.88 1.65 2.66
MAC-1 25.2/16.5 . . . . . . .001
/ (.92-3.85) 080 25.2/17.0 (.92-2.96) 09 25.2/11.2 (1.54- 4.62)
3.1 1.74 2.64
MAC-2 19.2/7. .01 19.2/12. . 19.2/8.2 .002
¢ 9.2/7.8 (1.27-7.62) 010 9.2/12.0 (.90-3.36) 09 9.2/8 (1.43-4.88) 00
2.65 1.74 2.60
MAC- 13.1/5. . 13.1/8. N 13.1/5. .01
3 3.1/5.8 (.94-7.48) 060 3.1/8.0 (.80-3.77) 6 3.1/5.5 (1.26-5.36) 010
MAC-4 23.2/16.5 1.40 350 23.2/25.5 88 67 23.2/18.7 131 320
) : : (.68-2.87) : : : (.50-1.55) : : : (.77-2.23) :

a. Adjusted by: age, caloric intake and physical activity.

MAC-1: PPARG-rs1801282-G, LYPLALT-rs2820446-G; MAC-2: PPARG-rs1801282-G, LYPLALT-rs2820446-G, rs7552206-A; MAC-3: PPARG-rs1801282-G, ADIPOQ-
rs864265-T, LYPLALT-rs7552206-A; MAC-4: CDH13-rs3865188-T, LYPLALT- rs2820446-G, rs7552206-A.

NW and GC, these also exhibited low
frequencies of MAC-2 (-8%). Strik-
ingly, the OW-OB group showed twice
the frequency of MAC-2 (19%) than
NW. This tendency was also observed
in Mexican ancestry in Los Angeles,
California (MXL), which presented
percentages higher than 10%."® Of
note, Amerindian populations exhib-
ited the highest frequencies of MAC-2
(>25%), even higher than the OW-
OB group. Me'Phaas exhibited the
lowest frequency of this MAC (<1%).

DiscussioN

Herein, we assessed 11 polymor-
phisms related to adipogenesis, in-
flammation, lipid storage, and satiety
to search for genetic risk factors to
obesity and overweight in a sample of
Mexican adolescent females. The study
of genes separately exhibited marginal
associations. However, the multi-allelic
combination PPARG-LYPLALI sug-
gested a positive association with WC
and triglyceride levels. Thus, individu-
als carrying three risk alleles increased
three-fold the risk of these MD.

Our findings were in line with
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prior studies where polymorphisms
located on LYPLALI were related
to waist-hip ratio (WHR) and lipid
metabolism.® One of these polymor-
phisms (rs2605100) was associated
with type 2 diabetes, central obesity,
and anthropometric traits.”” This
SNP is co-inherited with the SNPs
included in MAC-2 (rs7552206 and
1s2820446), supporting our findings.

Concerning PPARG, allelic vari-
ants on this locus have also been relat-
ed to WHR.? Of note is the participa-
tion of the Ala12 allele, which has been
related to dyslipidemias caused by low
transcriptional activity.” Interestingly,
Alal2 was subtly increased in the OW-
OB group (17%) compared to NW
(13%). This finding was previously de-
scribed in insulin-resistance and obese
women, reinforcing our results.” In-
terestingly, Amerindian populations
(Mazahuas and Nahuas) exhibited the
highest frequencies of the Alal2 allele
(25%), which was in agreement with
previous studies in Yaquis, Mayas,
and Triquis.”® Conversely, European
(<10%) and African (<1%) ethnici-
ties showed lower frequencies of Ala12
than in Mestizos and Amerindians.'

Therefore, it is likely that Amerindian
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lineages could contribute to the devel-
opment of MD. Preliminary research
reported that lipid disorders (choles-
terol and triglycerides) are more fre-
quent in Amerindian-derived popula-
tions than in Europeans, justifying our
results.?* However, further studies are
required to verify the association across
different ethnicities.

Although our results were in agree-
ment with previous observations, the
collective participation of PPARG-LY-
PLALI genes has been poorly studied
in this context. One possible interac-
tion pathway between them could be
energy balance, where both genes play
a critical role.”> It is possible that this
interaction requires the participation
of other molecular mediators (tran-
scription factors) since recent research
has suggested that LYPLALI is not di-
rectly regulated by PPARG.*” Another
possibility could be that LYPLALI may
act as other lipases (lysophospholipase
I) modulating the biological activity of
different proteins, which in turn are
regulated by PPARG.** Moreover, dif-
ferent hormones regulated by PPARG
could provoke a differential expression
of LYPLALI by modifying its activity.”

Regarding the other MAC, our
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results showed critical differences be-
tween groups that were maintained
when compared with GC. These find-
ings were confirmed by MDS sug-
gesting important genetic differences
(Figure 1). Previous research supports
our data concerning the interaction
between PPARG-ADIPOQ), suggesting
an epistatic effect between them.®**%

In connection with LD presented
in the different populations, two land-
scapes were found. The first one (LY-
PLALI and MC4R) shows a real LD
related to genetic distances (>1cM).
This LD has been reported in prior
studies and it is consistent with Hap-
>1829 The second

scenario depicted different patterns of

Map populations.

LD in Amerindian and Mestizo popu-
lations. This LD is a spurious LD re-
lated to population history and demo-
graphic events.” Regarding Me’Phaas,
LD was associated with inbreeding
practices (£is=0.210) given that it is
an isolated population, thus they are
identical by descent. For the rest of
the populations, LD could be the re-
sult of a recent admixture with Mestizo
population.’* Both populations (Am-
erindian and Mestizo) have different
gene frequencies provoking an admix-
ture LD (ALD). ALD will disappear
through time because only genes that
are very close and those combinations
under selection maintain LD for a
great number of generations. Conse-
quently, these patterns were not rep-
licated in HapMap populations rein-
forcing that LD in separated genes was
spurious. Hence, the knowledge of LD
patterns in the populations studied as
well as in the ethnicities represented by
these populations is a powerful tool in
order to avoid spurious associations.

Even though our findings have
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been replicated in different eth-
nicities, it is worth mentioning that
our results also differed from previ-
ous studies in Asian, European, and
American populations.”* The ab-
sence of replication may be associ-
ated with lower coverage of genetic
markers in the replication samples as
well as different sample sizes." In this
vein, our study comes with limita-
tions owing to the small number of
participants studied. Nonetheless, the
GC, as well as the study of parental
populations, lends robustness to our
results.*® These false associations are
more prominent in admixed popula-
tions (such as the Mexican popula-
tion), where the genetic association
may reflect the genetic architecture of
the population (ethnic dissimilarities)
rather than the association of genes
with the disease.” Our results should
be interpreted with caution and as
preliminary evidence, which requires
further studies in large study popu-
lations to confirm these findings.

CONCLUSION

Our multi-allelic analysis sup-
ports the influence of genetic factors
in obesity and overweight, suggest-
ing that PPARG-LYPLALI could act
as potential biomarkers in cardio-
metabolic diseases. Our findings
underscore the complexity of meta-
bolic disorders and provide evidence
about the importance of studying
network models of genes. Further
analyses are needed to pinpoint the
interactive effects of different genes
in complex diseases, as well as to
elucidate the physiological role of
LYPLALI, which is still unknown.

To our knowledge, this is the first re-
search from Mexico where the joint
relevance of genes has been studied.
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